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static magnetic field stimulates megakaryocytic/erythroid hematopoiesis in CD34+ cells
from human placental and umbilical cord blood.
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The biological response after exposure to a high-strength static magnetic field (SMF) has recently been
widely discussed from the perspective of possible health benefits as well as potential adverse effects. To
clarify this issue, CD34" cells from human placental and umbilical cord blood were exposed under
conditions of high-strength SMF in vitro. The high-strength SMF exposure system was comprised of a
magnetic field generator with a helium-free superconducting magnet with built-in CO, incubator.
Freshly prepared CD34 cells were exposed to a 5 tesla (T) SMF with the strongest magnetic field
gradient (41.7 T/m) or a 10 T SMF without magnetic field gradient for 4 or 16 h. In the harvested cells
after exposure to 10 T SMF for 16 h, a significant increase of hematopoietic progenitors in the total
burst-forming unit erythroid- and megakaryocytic progenitor cells-derived colony formation was
observed, thus producing 1.72- and 1.77-fold higher than the control, respectively. Furthermore, early
hematopoiesis-related and cell cycle-related genes were found to be significantly up-regulated by
exposure to SMF. These results suggest that the 10 T SMF exposure may change gene expressions and
result in the specific enhancement of megakaryocytic/erythroid progenitor (MEP) differentiation from
pluripotent hematopoietic stem cells and/or the proliferation of bipotent MEP.
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Fig.1. Effects of exposure to SMF on colony
forming cells. Human CB CD34" cells were
exposed to a 5-T or 10-T high-strength SMF
exposure in 37°C in a humidified atmosphere
containing 5% CO,. After the exposure for 4 hrs
or 16 hrs, the cells were harvested, assayed for
hematopoietic progenitor cells in semi-solid
culture with cytokines and incubated for 11-14
days. The values are the mean = S.D. of more
than three separate experiments in three wells. *P
<0.05.

Unexposed control

Sham exposure control
(Incubation for 16 hrs)

Fig.2. BFU-E developed from CB CD34" cells
after the exposure to each SMF. To evaluate the
effects of the strong SMF on HPCs, human CB

Exposureata 10-T SMF
(Incubation for 16 hrs)



CD34" cells were assayed by methylcellulose
colony formation. The typical morphologies of
BFU-E were shown in unexposed control (A) or
sham control (B), and in exposed to 10-T SMF
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Table 1. Biological process

Table 3. Cellular component

rooutaton. reguiation Totalgene
nucleus 170 153 792
membrane 84 137 537
integral to plasma membrane 51 81 329
Cytoplasm 53 43 240
Plasmamembrane 22 41 151
Cellular component unknown 28 32 151
Extracellular space 19 27 151
membrane fraction 22 34 134

Regulation reguiaion TO%219°1e
Signal transduction 53 79 324
Transcription 67 50 294
Biological process unknown 22 40 152
lon transport 11 27 94
Cell-cellsignaling 18 17 90
Cellcycle 14 18 74
Cell differentiation 13 16 72
Electrontransport 14 13 68
Table 2. Molecular function
roquiation reguiaion Totelgene
Nucleotide binding 65 84 364
Receptor activity 45 79 316
Transcription factor activity 46 56 233
Calciumionbinding 22 64 225
Molecular function unknown 30 35 164
Nucleicacid binding 28 19 127
Protein serine/
threoninekinase activity 18 25 17
RNAbinding 15 17 83

Note: To detect the differentially expressed genes
during each exposure to a strong SMF of
CD34" cells, the extracted total RNAs were
analyzed using a cDNA microarray (Illumina
system). The data in the table showed significant
changes in the gene expression from CD34" cells
exposed to SMF at a 10-T for 4 and 16 hrs in
comparison to the sham control (5248 genes). We
classified them based on the classification of
Gene Ontology.
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Fig. 3. Gene expression of hematopoietic stem
cells after exposure to high-strength SMF. Total
RNA were extracted from CB CD34+ cells after
exposure to a 10-T for 16 hrs. The quantification
of gene expression was analyzed by real-time
RT-PCR method. Gene expression was calculated
using a “Gene Expression Analysis for iCycler
iQ Real-time PCR Description System” . The
values are the mean = S.D. of four separate
experiments. *P < 0.001, **P < 0.01, ***P <
0.05.
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Table 4. The analysis of cytokine production

Cytokines | Sham control ~ 10-T exposure  Fold increase

(pg/ml) (pg/ml) (10-T/sham)
PDGFbb 4.54 12.76 2.81
IL-1ra 24.38 48.57 1.99
IL-8 803.46 1530.15 1.90
MIP-1a 34.54 62.24 1.80
MCP-1 8.95 15.05 1.68
IFN-y 10.48 8.02 0.76
GM-CSF 35.45 15.04 0.42

(4)

AR EEIT ORGSR, & M mis - Ak
FIIC X2 10-T &9 IRE TR D E i
R X, @i - BRI IZ 381 2 i BY
HE R OB A LB SR (Fig. 4).
IRIMER « BRI 2 R B TCHET D =
ERHBEMNE 0T,

CFU-Meg

- Megakaryocyte-Platelet linzage

GATAL =, GATA2 T

MEP
-
TALl =
GATAL =
P : ¢ Erythroid lineage
(CHU-Mix
High-strength @ BFU-E
SMF
w -
_@ RUNKIT PUL= o
I[SC_\ MP (CFU-GM)
- "] Granulocyte-Macrophage lineage
- -
GATA2 1
cKITT  pyp—
TELT CLp
TALL = - Lymphoid lineage
GATAY =
PAXS —

Fig. 4. A functional distribution of analyzed
genes and its changing by static magnetic
exposure in Hematopoietic differentiation. The
upper arrows bar  “ T 7 means significant up
regulation in comparison to the sham control, and

the right arrows bar “— “ means no significant

changing. CLP: common lymphoid progenitors;
CMP: common myeloid progenitors; GMP:
granulocyte macrophage progenitors.
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